In order to investigate the effects of water stress on some physiological and biochemical traits of valerian, a pot experiment was conducted using randomized complete block design with 3 replications. Drought stress levels were measured using control plants with 100% water availability, 70%, 50% and 30% of available water. The results showed that water stress significantly affected most biochemical characteristics of valerian plants. Leaf relative water content, chlorophyll a and b contents decreased while carotenoids and electrolyte leakage increased with the increase of water stress. For the ameliorating the adverse effect of water stress, among the investigated defense traits, plants increased proline levels and catalase and ascorbate peroxidase activities. Potassium, zinc and iron content in leaves was gradually increased by decreasing water depletion from 100 to 70% but further increase in drought stress decreased their values compared with control. Plant aerial biomass as well as root biomass was severely inhibited under water stress, but essential oil percentage increased with decreasing the water content from 100 to 50%. From this study, it was observed that lowering the soil water from 100 to 50% AWC is the best irrigation levels for valerian production, but as subterranean organs growth and essential oil accumulation were differently affected by water stress, therefore growers should be careful when increasing the irrigation intervals.
INTRODUCTION
Water deficit is a major constraining plant photosynthesis and productivity in arid and semi-arid areas. Under water stress, growth and function suppression in plants involves many morphological, physiological and molecular changes including oxidative stress, metabolic disturbance either temporarily or permanently (Li et al. 2013 ). Responses of plants to stress may be revealed at a whole plant level as an integrated tissue system while some of the responses occur at the cellular level. However, later changes mainly occur earlier than morphophysiological traits. When the available water is limiting, plants tend to close their stomata (Cornic and Massacci 1996) , resulting in reactive oxygen species (ROS) production. The plant cell membrane is one of the first targets of ROS, so maintenance of their integrity and stability under water deficit conditions is a major component of drought tolerance in plants (Bajji et al. 2002) . Organelles such as chloroplasts and mitochondria are the main sites of ROS production in the plant cells (Kar 2011) , for this reason, photosynthetic pigments, primary source of plant growth, are most important sites that may adversely affected. From other point of view, under conditions of reduced soil moisture, the stomata may close, transpiration decreases, and thus the water and nutrient flow diminish due to a reduced diffusion rate of nutrients in the soil to the absorbing root surface (Pinkerton and Simpson 1986) resulted in nutritional imbalance. Therefore, Leaf nutritional status and demolition of growth sites (i.e. cell membrane and photosynthetic pigments) are two important events that primarily affected by water stress which lead to the greater changes in morphology and crop growth.
Plants respond to adverse conditions by altering their morphology, physiology, and biochemistry. Plant regulation of water utilization and loss is important in determining the drought tolerance in crop plants. It was also shown that a plant's ability to cope with abiotic stress is mainly related to an altered biochemical profile and produces a varied range of secondary metabolites. Osmotic adjustment and antioxidant enzymes activity are two important defense strategies which help to ameliorating the adverse effect of unfavorable conditions (Farooq et al., 2009). Osmotic adjustment allows the cell to decrease osmotic potential, which attracts water into the cell, thereby minimizing the harmful effects of drought. Soluble sugars and proline play an important role in osmotic adjustment and may protect plants against oxidative stress (Molinari et al., 2007) . It was also shown that plants mainly change range of secondary metabolites as another defense system when exposed to stress conditions. Environmental stresses, such as drought stress often increase the accumulation of secondary metabolites (Ramakrishna and Ravishankar 2011). Saeidnejad et al., (2013) reported that drought stress increased essential oil content of Bunium persicum (Boiss.) B. Fedtsch. plants.
Valerian (Valeriana officinalis L.) which belongs to the family Valerianaceae is an important medicinal plant that is, due to its mild sedative and sleep aid, widely used in traditional medicine (Bos et al. 1996) . Valerian is the 8th top-selling herbal supplement in North America (Blumenthal 2001) , making it very attractive to improve agronomical practices and in general its production increases. Iran is climatically regarded as an arid and semi-arid region in the world, where the lack of precipitation and its inappropriate distribution, high temperature and extensive evaporation makes the irrigation the main way for meeting plants water demand. Understanding the physiological mechanisms providing drought stress tolerance is very important in terms of developing selection and breeding strategies. To date, there is no published and comprehensive research related to drought impacts on Valeriana officinalis characteristics. Therefore, the present investigation was conducted with the aim of evaluating drought impacts on quantitative and qualitative properties of Valeriana officinalis.
MATERIALS AND METHODS
A pot experiment was conducted in greenhouse condition at the University of Maragheh, Maragheh, Iran. Pots with 8 L content were filledwith 12 kg soil and clean sand (2:1, v/v). The soil had been passed through a mesh number 10. Then, 20 days-old valerian seedlings were obtained from medicinal plants institute, Tehran, Iran. Uniform seedlings were collected and then transplanted into each pot. The pots were placed under a rainshelter based on completely randomized design. During the next 30 days after transplantion, plants were irrigated with tap water, and then divided into four lots subjected to different water levels. Drought stress levels were measured using control plants with 100% water availability, 70%, 50% and 30% of available water. The pots were weighed daily and water was added to maintain soil moisture content. The physiological and biochemical measurements were carried out at 75 days after transplanting. Traits related to above ground and subterranean organs and also essential oils content were measured at the end of experiment.
Water status of leaves was determined by measuring relative water content (RWC). The leaves were subsequently rehydrated in distilled water for 4 h to obtain the turgid weight (TW), and dried for 48 h at 72 •C to obtain the dry weight (DW). RWC was calculated by the ratio: RWC = [(FW − DW)/(TW − DW)] × 100. For measurement of electrolyte leakage, 20 leaf discs from the young fully expanded leaves were placed in 50 mL glass vials, rinsed with distilled water to remove electrolytes released during leaf disc excision. Vials were then filled with 30 mL of distilled water and allowed to stand in the dark for 24 h at room temperature. Electrical conductivity (EC 1 ) of the bathing solution was determined at the end of incubation period. Vials were heated in a temperature-controlled water bath at 95°C for 20 min, and then cooled to room temperature and the electrical conductivity (EC 2 ) was measured. Electrolyte leakage was calculated as percentage of EC 1 /EC 2 .
Chlorophyll-a, -b, and carotenoid were determined according to the method of Arnon (1949) . Fresh leaves were taken from the plants and triturated in 80% acetone. The absorbance of the extracts was measured at 663, 642 and 472 nm using a spectrophotometer (BioTek, PowerWave, USA). Proline content of leaf tissues was estimated spectrophotometrically following the ninhydrin method described by Bates et al., (1973) . Total soluble sugars were extracted and determined by the anthrone method of Riazi et al., (1985) .
The shoot tissues (0.5 g fresh weight) were homogenized in 2 mL of 100 mM potassium phosphate buffer, pH 7 containing 1 mM of EDTA and 1% (w/v) polyvinylpyrrolidone (PVP). The extract was then centrifuged at 4°C for 15 min at 12.000 ×g in a cooled centrifuge. This supernatant was used to measure the activities of guaiacol peroxidase (GPX), ascorbate peroxidase (APX) and catalase (CAT). Activity of GPX was determined at 25°C with guaiacol (Bergmeyer, 1974). Activity of APX was measured by following the rate of hydrogen peroxide-dependent oxidation of ascorbic acid (Nakano and Asada 1981). One unit was defined as the amount of enzyme needed for the oxidation of 1 µmol of substrate per min. Finally, the activity of CAT was assayed following H 2 O 2 decomposition. One unit of catalase activity is defined as that amount of enzyme which breaks down 1 µmol of H 2 O 2 /min under the assay conditions described. Potassium and sodium concentrations were determined in the shoots after digesting 100 mg powder of the oven-dried tissues in a mixture of concentrated nitric acid and perchloric acid (3:1; v⁄v) at 175ºC. The potassium and sodium contents of the digested extracts were quantified using a flame photometer (model Jenway PFP7, UK). Zn and Fe contents were measured using atomic absorption spectrophotometer (AAS) (Faithfull. 2002) . Finally, 50 g of root was taken for determination of essential oil percentage by Clevenger (European Pharmacopoeia, 2005). Essential oil yield was determined using the following formula: Essential oil yield = Essential oil percentage × Root yield. Analysis of variance appropriate to the experimental design was conducted, using SPSS software (version 16). The experiment was based on a Complete Randomized Design (CRD) with three replicates. Means of each trait were compared according to Duncan multiple range test at P<0.05 by means of MSTATC software.
RESULTS AND DISCUSSION
Stress indicators Leaf relative water content (RWC) and electrolyte leakage (El) are recognized as important index for plant stress tolerance (Lakshmi et al., 2012). RWC is closely related with cell size and it may strongly reflect the balance between water supply to the leaf and transpiration. It has been suggested that plant water status, rather than plant function, controls crop performance under drought. In other words, plant having higher yields under drought stress should have high RWC. Regarding Table 1 , relative water content (RWC) was significantly decreased with decreasing the irrigation from 100% to 30% AWC. levels of 70%, 50% and 30% the available water content (AWC) lead to 13%, 27.4% and 33.5% of RWC, respectively (Table 1) Leaf RWC reflected the metabolic activity in tissues and it significantly declined due to water stress. It seems that decrease in leaf RWC could have been due to unavailability of water in the root zones, which is not able to compensate for water, lost by transpiration. Similar results were reported by Bolat et al (2014) who found that leaf RWC decreased with intensifying stress.
Cell membrane stability is considered to be one of the best physiological indicators of drought stress tolerance. Results showed that water stress induced a marked increase in membrane permeability, so, the injury index of leaves increased with increasing the water shortage (Table 1) . El level increased from 20 to 43%, when AWC dropped from 100 to 30%. This might be due to the production of reactive oxygen species (ROS) which damage cell membranes. Sairam and Srivastava (2001) reported that drought stress causes membrane lipid peroxidation and produce certain compounds, such as malondialdehyde and ethylene, which leads to declination of cell membrane stability.
Defense mechanisms To cope with the drought, plants initiate defense mechanisms
deficit. In this section, the main mechanisms of drought tolerance at physiological level are investigated. From this point of view, Osmotic adjustment, and a scavenging defense system have been the most important bases responsible for drought tolerance.
Osmotic adjustment (OA) is a biochemical mechanism that helps plants to acclimatize to dry and saline conditions by maintaining water uptake. OA results in a net increase of the number of osmotically active substances in the cell that leads to a more negative osmotic potential, which in turn can improve maintaining turgor in leaf tissue and in other metabolically active cells. Proline and soluble sugars are considered to act as compatible osmoticum materials and are perhaps involved in drought tolerance. In the present study, in response to water stress, proline concentration was gradually increased reaching a peak value at 50% AWC and then commenced to reduce ( Table 1 . Results indicated that water stress had a significant effect ( P < 0.01) on antioxidant enzymes activity in leaves of valerian plants. The activities of CAT and ascorbate peroxidase (APX) were increased with the increase of water stress from the control (100% AWC) to 50% AWC. However, further increase in water shortage reduced CAT activity, but maximum value of APX activity was achieved at 30% AWC. In contrast to CAT and APX, the activity of Guaiacol peroxidase (GPX) tended to decrease by increased water deficit. Maximum GPX (10.2 Units/min . mg.pro) contents were noted from well-watered valerian plants, which were decreased significantly upon exposure to drought stress (Table 1) . Liu et al. (2011) reported that catalase activity was higher under mild drought stress than severe drought stress and well-watered treatments. The increase of CAT and APX activity in plants under water stress was also reported in other studies (Huseynova 2012 ; Ghobadi et al. 2013). These results were different from the reports of Csiszár et al. (2007) who found that with water stress, antioxidant enzymes activity remained the same or decreased, which was possibly due to the variation among the many experiments with differences in deficit severity and timing as well as the species used.
Physiological disorders Drought stress significantly affected chlorophyll a, b, and carotenoids contents ( Table 1 ). The results revealed that Chlorophyll "a, b" contents decreased by decreasing the soil moisture content. Drought stress up to 70% AWC induced a slight effect in the chl-a of valerian leaf, then it reduced them markedly by the further increase in the level of drought stress. Severe (50% AWC) and very severe drought stress (30% AWC) decreased chl-a as much as 24.8 and 62.1% compared to the control, respectively. Stress-induced chl-b reduction was stable among the stress levels. Contrary to these results, plants carotenoid values was not significantly affected by water shortage up to 50%, but under very severe conditions (30% AWC), its value increased by 10.2% (Table 1) . Our results about chl-a and chl-b changes in response to drought stress are in agreement with reports of Liu et al. (2011) . Reduction in chlorophyll pigments concentration can be as a drought response mechanism in order to minimize the light absorption by chloroplasts (Pastenes et al., 2005) . Bahreininejad (2013) reported that photosynthetic pigments and proline are both synthesized from the same substrate. Therefore, an increase in the synthesis of proline leads to a decrease in the synthesis of photosynthetic pigments under water deficit. Another reason for decrease in chlorophyll content as affected by water deficit is that drought stress by producing reactive oxygen species (ROS), can lead to lipid peroxidation and consequently, chlorophyll destruction. Since carotenoid plays an important role in photo-protection, the increased carotenoid content under drought conditions, indicate a higher need of photo-protection by carotenoid (Farooq et al., 2009) ).
The results in Table 2 showed that potassium content in leaves was gradually increased by decreasing water depletion from 100 to 70% (mild drought stress) but further increasing drought stress caused low K content compared with control. Na content in leaves was gradually decreased due to increasing drought stress, however, differences were not statistically significant. The lowest Na content was obtained at irrigation with 30% AWC, while, the highest was obtained with irrigated with normal irrigation (100%). These findings are generally in line with those previously reported by Mohsenzadeh et al. (2006) . Shaheen et al (2011) also reported that the leaves of olive contained a lower content of K when these plants grown under severe water stress. Under water stress conditions, K+ plays an important role in osmoregulation that resulted in water stress tolerance. Of all the micronutrient elements, the concentrations of Fe and Zn are of particular interest because Fe and Zn deficiency are afflicting over three billion people worldwide (Cakmak, 2008) . Data presented in Table 2 indicated that highest and lowest zinc and iron contents in leaves were achieved at 70% and 30% AWC, respectively. Similar results were also reported by (Sanchez-Rodriguez et al. 2010). Since the transport of micronutrients to the plant roots occurs via diffusion, low soil moisture content will reduce micronutrient uptake. However, since plants require much smaller quantities of micronutrients, the effects of drought stress on micronutrient uptake are not as great as that on P and K uptake.
Quantitative yield Plant aerial biomass as well as root biomass was severely inhibited under water stress, and both of them decreased with increasing the water shortage (Table 2) . Aerial parts growth decreased by 32-60% while subterranean organs growth decreased by 22-40%. Therefore, roots were less affected by water stress than aerial parts (Table 2) . Root is the first organ to come into contact with stresses in the rhizosphere, thus supplying assimilate for this organ may be a best strategy for their resistance. Drought stress frequently enhances allocation of dry matter to the roots, which can enhance water uptake (Leport et al. 2006) . One of the first signs of water shortage is the decreasing the dry weight under water deficit could be a result of a reduction in turgor which causes a decrease in both growth and cell development and also may be due to reduction in chlorophyll content as our data indicated (Table 1 and 2). The growth reduction can be considered as a morphological adaptation of the plant to water stress to reduce transpiration and to induce a lower consumption of water. Growth reduction as a result of water deficit has been widely reported (Hassan and Ali 2014) .
Qualitative yield Plant secondary metabolites are often referred to compounds that have no fundamental role in the maintenance of life processes in the plants, but they are important for the plant to interact with its environment for adaptation and defense. Secondary metabolites are involved in protective functions in response to both biotic and abiotic stress conditions. Essential oil percentage increased when soil AWC dropped to 50%, and then it declined with drought stress intensifying ( Table 1 ). The high essential oil content was achieved at 50% AWC, accumulated two-folds when compared with control. As it is shown in Table 1 increasing of water stress level from 50% to 30% increased essential oil content by 7.8% in valerian. Bernatb (1999) reported that sufficient and continuous water supply not only could not enhance essential oil content of valerian plant also it could decrease essential oil content.Our results are in agreement with was previously documented by Rebey et al. (2012) on Cuminum cyminum L. and Hassan and Ali (2014) on Coriandrum sativum L. Saeidnejad et al. (2013) reported that drought stress increased essential oil content of Bunium persicum plants. Essential oil yield is a dependent variable determined by seed yield and essential oil percentage. The highest essential oil yield (334 mg) was achieved in plants exposed to 50% AWC. Water shortage up to 70% AWC had not significant effect on essential oil yield ( Table 2 ). The lowest value for essential oil yield was achieved when plants exposed to very severe water stress (30% AWC).
CONCLUSION
In view of findings of the present study, it can be concluded that water stress strongly decreased 
